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Abstract 
Oil in water emulsions (30% w/w) containing mixtures of milk proteins with xanthan gum were rheologically 
characterized at ambient temperature and the evolution of their properties was measured during a month under cold 
storage. The milk proteins used were sodium caseinate and whey concentrate at 2% mixed with xanthan gum at 0.3% 
or 0.5%. Emulsions properties were compared to those of respective aqueous systems and in general showed same 
rheological behaviour as their respective aqueous system, however, emulsions presented higher consistency index, 
due to oil droplets concentration. The flow behaviour index showed a small variation, increasing its value slightly. 
The consistency of emulsions with xanthan was similar, independently of the milk protein used, confirming that 
xanthan rheology predominates on emulsion rheology.  
Keywords: Emulsion; sodium caseinate; whey concentrate; rheology, stability 
1. Introduction 
Protein ingredients derived from milk are commonly used as food emulsifying agents while 
polysaccharides are added as stabilizers to develop low-fat emulsions. Functional properties of each one 
are advantageous when a protein/polysaccharide mixture is employed instead of some natural or modified 
polysaccharides with emulsifying properties that generally provide low viscosity. Rheological properties 
of complex emulsions rely on the characteristics of the constituents and, mainly, on the interaction forces 
between protein/polysaccharide mixtures which in turns are influenced by temperature, pH, ionic strength 
and previous treatments. Sodium caseinate, a mixture of four caseins (D s1, D s2, E , and N -casein), is a 
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milk protein widely used as an emulsifying agent. It imparts stability to emulsions by a combination of 
steric and electrostatic combination [1]. Whey concentrate, another milk protein used as an emulsifying 
agent, contains surface–active globular proteins composed by E -lactoglobulin and E -lactalbumin [2]. 
Xanthan gum is a polysaccharide added to emulsions as a thickener agent in order to modify the 
rheological behaviour of the aqueous phase and thereby to retard instability mechanisms.  
Some studies on emulsions containing milk protein/xanthan gum mixtures have been developed. 
Sodium caseinate /xanthan gum mixtures have been carried out, where droplet size, microscopic structure 
and creaming properties were determined, using 1 and 3% sodium caseinate and varying concentration of 
xanthan gum [3]. Addition of low levels of xanthan gum (0.2%) caused flocculation of droplets that 
resulted in a large decrease on creaming stability. At higher xanthan gum concentrations, the creaming 
stability improved, apparently due to network formation by flocculated droplets. Studies made on 
emulsions with whey protein isolate /xanthan gum mixtures, where protein concentration was varied 
(0.2%, 1% and 2%), oil phase volume I fraction (5%, 20% and 40% v/v), with 0.2 % xanthan gum [2, 4],
showed that an increase on whey protein isolate concentration significantly affected droplet size, surface 
charge, and oxidative stability, but had little effect on creaming stability and emulsion rheology.  
Considering that very few of studies were conducted on the rheology and the preservation of 
consistency during storage, the objective of this work is to characterize oil in water emulsions containing 
mixtures of milk proteins with xanthan gum and to follow the evolution of their rheological properties 
during a month under cold storage. 
2.  Materials & Methods 
2.1 Aqueous systems 
Commercial samples of sodium caseinate (Lactonat EN, Lactoprot, Germany), ~93% dry matter, whey 
concentrate (WPC34, Dairy Gold, Mitchelstown, UK), ~95% dry matter and food grade xanthan gum 
(Kelcogel F, Kelco, USA), ~91% dry matter, were used without any pretreatment. Sodium azide was 
added as an antimicrobial agent (0.03%), Purified water was used (E-Pura, México). All concentrations 
are given as a weight percentage. 
Duplicate aqueous of milk protein solutions (2%) were prepared by adding the protein powder to water 
under magnetic stirring at room temperature to ensure complete dispersion. Duplicate xanthan gum 
solutions (0.3 and 0.5%) were also prepared by dissolving the powder in water at room temperature under 
magnetic stirring. Blends of protein-polysaccharide were made by mixing equal parts of duplicate 
aqueous solutions of individual components. 
2.2 Emulsion preparation 
Emulsions were prepared with Canola oil (Great Value, Wal-Mart, México), at 25°C. Appropriate 
quantities of oil were mixed with the protein-polysaccharide aqueous systems and individual sodium 
caseinate or xanthan gum systems mentioned above to give 30% (w/w) oil in the final emulsion. Lab-
scale manufacture of emulsions was carried out using an Ultra-Turrax T25 basic (Ika-Werke, Germany) at 
24000 rpm for 5 minutes at room temperature. All emulsions preparation processes were made per 
triplicate. 
2.3 Rheological characterization 
A stress rheometer (Low stress LS 100, Paar Physica, Spring, TX, USA) with a double gap concentric 
cylinder (DG10), 48 and 50 mm internal and external diameter, respectively, 36 mm length and radii ratio 
of 1.0417, was used to steady shear measurements. Flow curves were obtained after pre-shearing of 
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samples at 100 1/s during 60 s, after a down curve (100-1 1/s) was made and finally an up curve was 
achieved (1-100 1/s). The temperature was maintained at 25±1°C. Samples stored at 4±1°C were 
characterized two times per week during a month. 
3. Results & Discussion 
Under steady shear, aqueous systems containing milk proteins (2%) showed low viscosity values and 
Newtonian behaviour; agree on the general characteristics of low concentration solutions. It was reported 
that the onset of shear-thinning behaviour for sodium caseinate solutions start from 8% w/w [5]. 
Emulsions containing only milk proteins at 2% were not stable. Fresh samples presented also Newtonian 
behaviour. In general, viscosity of emulsions was four times higher than its respective aqueous system, 
due to oil aggregated. For comparison purposes, only last flow curve was computed to obtain viscosity or 
power-law parameters, less standard deviation were obtained between replicates. Viscosity and power law 
parameters of aqueous systems and respective emulsions were summarized in Table 1. 
Xanthan gum aqueous solutions (0.3% and 0.5%) showed shear-thinning behaviour for the shear rate 
range studied, as expected, and was adjusted to the Ostwald-de Waele model (power law). Such 
behaviour is due to the weakly bound network formed by xanthan gum that is able to change from 
ordered double helical conformation to single extended chain. When xanthan gum concentration was 
increased, consistency index was also augmented and flow index was decreased, as classical 
macromolecular behaviour. Xanthan gum aqueous solutions at 0.5% showed slight thixotropy at shear 
rates higher than 50 1/s. Emulsions containing only xanthan gum (fresh samples) were also shear-thinning 
and were not stable due to lack of surface activity. Emulsions with 0.5% xanthan gum were less 
thixotropic when compared with its respective aqueous. Aqueous solutions with milk protein and xanthan 
gum showed almost same rheological behaviour that respective xanthan gum aqueous solution (0.3% and 
0.5%) (Figure 1). 
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Fig. 1. Flow curves of samples containing sodium caseinate (C) and xhantan (X) of aqueous system and respective emulsion (E). 
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When these mixtures of milk protein/xanthan gum were used to prepare emulsions, stable systems were 
obtained, they became more consistent, mainly when used 0.3% xanthan gum concentration. However, 
the flow behaviour increased from 0.27 to 0.35. This behaviour can be attributed to interference of oil 
droplets in xanthan gum structure. Same flow behaviour index was observed when used 0.5% xanthan 
gum concentration but consistency index remains almost constant independent of milk protein used.  
Rheological parameters of emulsions stored during a month remained constant when mixtures of milk 
protein and xanthan gum were used. However, emulsions with whey concentrate and xanthan gum 
mixtures showed more fluctuations between replicates that were accentuated in the third week of storage 
(data not shown). In Figure 2, evolution of emulsions containing sodium caseinate 2% and xanthan gum 
0.3% or xanthan gum 0.5% were presented as an example. 
Fig. 2. Evolution of power law parameters of emulsion containing sodium caseinate 2% (C) and xanthan gum 0.3% (X) during 
storage at 4oC
Table 1. Viscosity and power law parameters of samples 
Whey concentrate (2%) Sodium caseinate (2%) Shear rate 
μ (Pa s) μ (Pa s) (1/s) 
Aqueous systems 0.0012r 0.0001 0.0017 r 0.0002 10-100 
Emulsion 0.0039 r 0.0001 0.0058 r 0.0003 10-100 
Xhantan (0.3%) Xhantan (0.5%)  
n K (Pa sn ) n K (Pa sn )
Aqueous systems 0.26 r 0.012 1.13 r 0.07 0.16 r 0.008 3.26 r 0.07 1-100 
Emulsion 0.32 r 0.004 1.50 r 0.053 0.19 r 0.005 4.16 r 0.12 1-100 
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Whey concentrate (2%) 
Xhantan (0.3%) 
Whey concentrate (2%) 
Xhantan (0.5%) 
n K (Pa sn ) n K (Pa sn )
Aqueous systems 0.27 r 0.006 1.19 r 0.057 0.19r 0.003 3.62r 0.11 1-100 
Emulsion 0.37 r 0.004 1.36 r 0.16 0.25 r 0.013 3.67 r 1.07 1-100 
Sodium caseinate (2%) 
Xhantan (0.3%) 
Sodium caseinate (2%) 
Xhantan (0.5%) 
n K (Pa sn ) n K (Pa sn )
Aqueous systems 0.27 r 0.005 1.28 r 0.043 0.19r 0.002 3.72r 0.344 1-100 
Emulsion 0.35 r 0.006 1.49 r 0.109 0.26 r 0.006 3.39 r 0.18 1-100 
4. Conclusion 
Emulsions with mixtures of sodium caseinate or whey concentrate/xanthan gum properties showed 
same rheological behaviour as their respective aqueous system, with higher consistency index. 
Rheological parameters of these emulsions stored during a month remained constant confirming that 
emulsions were stable. Less fluctuation during storage was achieved when sodium caseinate/xanthan gum 
mixture was used. 
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